Objective: The present study used the optical surface laser scanning technique to compare the facial features of patients aged 8-18 years presenting with Class I and Class III incisor relationship in a case-control design. Materials and methods: Subjects with a Class III incisor relationship, aged 8-18 years, were age and gender matched with Class I control and underwent a 3-dimensional (3-D) optical surface scan of the facial soft tissues. Results: Landmark analysis revealed Class III subjects displayed greater mean dimensions compared to the control group most notably between the ages of 8-10 and 17-18 years in both males and females, in respect of antero-posterior (P = 0.01) and vertical (P = 0.006) facial dimensions. Surface-based analysis, revealed the greatest difference in the lower facial region, followed by the mid-face, whilst the upper face remained fairly consistent. Conclusion: Significant detectable differences were found in the surface facial features of developing Class III subjects.
Introduction
The craniofacial diversity and unpredictable growth pattern make Class III malocclusion one of the most difficult facial deformities to be managed by the clinician (Guyer et al. 1986 ). In order to achieve an accurate diagnosis and an appropriate treatment plan for individuals with a developing Class III malocclusion, knowledge of the craniofacial growth pattern is important (Chang et al. 2006) . Within orthodontics, the lateral cephalometry continues to be used reliably to aid diagnosis and treatment planning, providing a measure of the skeletal and dental relationships (Bruks et al. 1998 ). However, increasingly there is an acknowledgement that information on the soft tissue changes is needed for a reasonable expectation in terms of long-term stability and aesthetics following treatment (Baccetti et al. 2007 ). Most soft tissue analyses used in orthodontics are based on two-dimensional (2D) observations from standard lateral cephalometry, with inherent disadvantages and limitations in relation to evaluating the facial soft tissues (Nanda et al. 1990 ). Furthermore, clinicians recognise the importance of assessing and understanding the three-dimensional (3D) craniofacial complex.
A number of researchers have demonstrated accurate discrimination between a range of craniofacial anomalies and controls, through comparison of facial morphology of 'average' laser scanned faces for each group. This has been shown to be valid in the comparison of subjects with oral clefts (Bugaighis et al. 2001; Hammond et al. 2004) , facial asymmetry (Kau et al. 2006; Ovsenik et al. 2014) , different ethnicity and gender (Bozi et al. 2009; Gor et al. 2010 ) and asthma (Ali et al. 2014) . Optical surface scanning thus provides a valid and reliable 3D imaging and measurement technique to assess facial soft tissues (Moss et al. 1989; Kau et al. 2005) . It eliminates much of the uncertainty that arises with 2D cephalometric soft tissue registration (Hillesund et al. 1978) . 3D scanning is a non-invasive technique with a number of advantages including ease of use, absence of harmful radiation with facial soft tissue coverage which makes for a precise and objective assessment (Kau et al. 2005) . The image can also be used to provide a tangible explanation of the problem and treatment to the patient, thus to obtain further valid consent and cooperation.
Previous research has shown 3D facial analysis to be effective in evaluating and identifying facial morphological characteristics of the Class III cohort in the deciduous and early mixed dentition (Alqattan et al. 2015) . The soft tissue characteristics of a Class III face differ notably from controls, particularly in relation to the mid-face and facial profile, with observed differences in gender (Alqattan et al. 2015) . However, no study to date has evaluated the surface characteristics in developing Class III subjects, beyond the early mixed dentition and more importantly in comparison to a control.
The objective of the present study was to use the optical surface scanning technique to compare the facial features of patients aged 8-18 years presenting with Class I and Class III incisor relationship in a casecontrol design.
Subjects and methods

Study design
This was a cross-sectional, case-controlled observational study evaluating the growth of Caucasian adolescents with a Class III malocclusion, matched for age and gender with a Class I Caucasian control group. A 3D surface analysis software Cloud (University College London, UK, 2010) was used for image reconstruction and measurement. A single trained examiner carried out the subsequent image analysis.
Sample
The subjects were recruited from those referred to the Orthodontic department in the Dental Institute and underwent optical surface scanning if they met the following selection criteria: aged between 8 and 18 years, Caucasian, with a Class III incisor relationship, without anterior displacement on closure. Subjects who had received previous orthodontic treatment or had a craniofacial deformity were excluded. Confirmation was obtained that ethical approval was not needed for their image analysis, as this research was limited to the secondary use of information collected in the course of normal care. The total sample consisted of 60 Class III subjects (26 male). They were subsequently separated into four distinct age groups: 8-10 years (n = 6), 11-13 years (n = 25), 14-16 years (n = 19) and 17-18 years (n = 10) and an average 3D facial shell created for each group.
A matched control group was used which demonstrated a Class I incisor relationship on a skeletal I pattern, with average vertical proportions and no facial asymmetry. Subjects with craniofacial deformity or history of orthodontic treatment were excluded. From this data set, an average 3D facial [shell] control was created matched for each age and gender group, using a template-averaging algorithm (Zhurov et al. 2010) .
Optical surface scans
A laser technique was used for data acquisition, where a vertical laser beam was emitted on to the subject's face, with two mirrors capturing the reflections and transmitting the data to a CCD camera, while the subject rotated from 0 to 220°, creating a facial data set that extends from left to right ears in a synchronised computer. This standard protocol for obtaining 3D laser facial scans is based on the principle of optical triangulation with a Class one laser, with over 60,000 discrete coordinate data points recorded for each scan, to a reported precision of 0.5 mm, and subject to surface analysis software (Moss et al. 1989; Kau et al. 2005) . A standardised positioning protocol of all patients helps ensure that sequential images are comparable.
Landmark-based analysis (Figure 1)
The Cloud programme allows placement of landmarks, based on the geometrical features of surface sections in X (horizontal) and Y (vertical) planes to uniquely identify specific marks, to measure distances and angles and provide quantitative data for statistical analysis. Combinations of 10 reproducible landmarks were placed manually on each facial shell, from which five measurements (millimetres) were derived. The vertical facial dimensions: mid-endocanthion measured from right and left endocanthion and exocanthion to subnasale length was used to evaluate the mid-facial dimensions, while the lower facial dimensions were evaluated from subnasale to pogonion. The transverse facial dimension: alar distance measured from the right and left alar. Antero-posterior facial dimension: the distance from subnasale to the base of the ear. The assessment of the facial profiles was conducted using the angle between the mid-and lower facial lengths.
Surface-based analysis (Figure 2)
Each Class III shell was subsequently superimposed onto the corresponding control shell. The two optical scans were initially manually aligned, following which stable and static areas of the facial profile were highlighted on the control image, namely the areas of the forehead, as this was regarded as a stable reference. This prepared the scans for fine alignment, using the iterative closest point algorithm method, as described by Zhurov et al. (2010) . Subtraction of one surface from the other produced a coloured shell-to-shell deviation map. The average distance difference was then calculated between restricted areas of the deviation map. Upper face was demarcated from the mid-inner canthion to the subnasale horizontal; mid face from the subnasale horizontal to the commissures of the lips, and lower face from the commissure of the lips to the outline of the lower facial border.
Error study
The intra-examiner reliability was investigated. A single patient scan was selected, on which each land mark used was measured 10 times and repeated in a random manner following a 2-week interval. The standard deviation and means were calculated. Overall, there was a good level of agreement observed between the landmark measurements. For linear and angular measurements, the mean difference (SD) was −0.6 to 0.6 (SD 0.02) millimetres and 1.5 (1.3) degrees, respectively.
Statistical analysis
The measurements were statistically analysed using the SPSS program [version 13; New York, USA]. The four age groups were compared using the analysis of variance (ANOVA). The gender differences were analysed using the two sample t-test. A P-value of 0.05 was considered significant.
Results
Landmark-based analysis (Tables 1 and 2)
The mean facial dimensions examined in the Class III subjects generally increased with age in both genders, in the three planes of space.
In the antero-posterior plane, the Class III subjects displayed greater mean dimensions compared to the control group, with males showing the greatest differences. The difference with age was significant in the female Class III groups, at the age of 17-18 years when compared to 8-10 (P = 0.01) and 11-13 (P = 0.012) years.
The mid-facial length revealed a general mean increase with age, with all Class III subjects showing significant differences with growth. Class III females showed a significant increase at the age of 17-18 years when compared to 8-10 (P = 0.006) and 11-13 (P = 0.005) years. Similarly, Class III males subjects revealed significant differences between 8-10 and both 14-16 (P = 0.001) years and 17-18 years (P = 0.007) and when comparing 11-13 with 14-16 (P = 0.016) years. The Class III subjects exhibited statistically significant differences between genders, most notably in the 14-16 (P = 0.038)-year age group.
Class III males showed increased mean lower facial dimension when compared to the females, except between the ages of 8 and 10 years. Overall, lower facial length was greater in the Class III subjects compared to controls but with no statistical significance. Figure 2 . Surface-based analysis of the facial scans. An 11-yearold Class III male face was superimposed on a matched control face. The positive differences are seen in pink, while the negative differences are seen in red. The shell-to-shell deviation maps show the maxilla and mandibular to more protruded in the Class III subject, with a greater difference seen in the mandible.
The mean facial angle was greater in the Class III females compared to males, except between the ages of 17 and 18 years. The mean facial angle showed an increase with age; this was significant in the female Class III groups between the ages of 11-13 and 17-18 (P = 0.014) years. In general, the Class III subjects expressed larger mean facial angles compared to controls, reaching statistical significance in the female group between the ages of 11 and 13 (P = 0.032) years.
The Class III males showed fairly similar alar dimensions to the Class III female subjects. The Class III subjects collectively showed smaller alar widths when compared to the control subjects.
Surface-based analysis (Figures 3 and 4) Following the superimposition of the Class III scans to an age-and gender-matched control scan, the mean differences in the three distinct facial areas were recorded. In general, male differences were larger than the female mean differences, especially between the ages of 11-13 and 17-18 years, in respect of the mid and lower face, respectively. However, the differences seen between the facial zones and the genders did not reach statistical significance.
The mean differences observed between the male Class III shells and their matched control revealed a large amount of variation, with an overall trend in which the greatest difference was in the lower facial region, followed by the mid-face, while the upper face remains fairly consistent. A very similar pattern was observed in females, except both the upper and midfacial mean differences appeared fairly similar.
Discussion
The present study evaluated the facial morphological differences in Class III subjects, using a case-controlled Table 1 . A summary of the mean and standard deviation for each surface facial measurement, for both Class III and control subjects, classified by the defined age groups and gender. study design, with a reliable, non-invasive, 3D optical surface scanning technique and avoiding the harmful use of irradiation in children. The aim was to investigate the soft tissue morphological characteristics of the Class III malocclusion between the ages of 8-18 years. The soft tissue profile is an important determinant of treatment success and acts as an influencing factor during diagnosis and treatment planning, with facial soft tissues reflecting the underlying skeletal structures.
Within the literature, there is a lack of information about the soft tissue profiles of Class III malocclusions. Krneta et al. reported the successful use of the 3D optical surface scanning technique in evaluating Class III malocclusion in the deciduous and early mixed dentition phases (2014, 2015) . The current study goes on to investigate the Class III malocclusion in the mixed and early permanent dentition phases.
In the present study, all surface facial dimensions increased for both males and females between the ages of 8 and 18 years. Soft tissue mandibular length showed a highly significant increase with age, which reflects the results of previous cephalometric studies designed to measure skeletal mandibular length (Guyer et al. 1986; Battagel 1993; Bruks et al. 1998) . Baccetti et al. (2005) reported substantial increases in the mandibular length associated with maturation in age. In addition, an increase in lower facial length was also observed between the control and Class III groups, with the greatest increase seen between the ages of 14 and16 years, with a mean increase of 1.9 and 4.8 mm in the male and female groups, respectively. Battagel (1993) demonstrated in a cephalometric study of 285 Class III individuals that after the age of 11 years, total face height tended to increase with greatest change being observed in the lower face. The surface-based area analysis in the present study also confirmed that the soft tissue differences were restricted predominately to the lower face. Several other studies also have reported that the lower anterior face height in Class III individuals increased with age (Guyer et al. 1986; Bruks et al. 1998; Baccetti et al. 2005) . The measurement and growth of the soft tissue in the vertical dimension are of equal importance in treatment planning and prediction of stability and success of treatment (Guyer et al. 1986) . A reduced mid-facial length can indicate reduced maxillary growth. The present study found a greater increase in the mid-facial length in the control group compared to the Class III subjects, between the ages of 8 and 13 years. During these ages, the pubertal growth spurt in the Class I controls has been known to have begun, whereas in the Class III population it was reported to begin at the later age of 11-12 years (Björk 1972) . The difference in growth between the age groups in the current study can be explained by variation in growth rates, with reduced maxillary growth being a commonly reported feature in the development of a Class III malocclusion (Guyer et al. 1986; Nanda et al. 1990; Battagel 1993) .
The facial angle was found to be greater in the Class III groups when compared to the control groups, reaching significance between the ages of 11 and 13 years. An increased facial angle is indicative of relative maxillary retrusion or mandibular prognathism, leading to increased mid-facial convexity. As observed in the deciduous and early mixed dentition, the older male and female Class III subjects demonstrated significantly increased mandibular length and retrognathic maxilla (Krneta et al. 2014 (Krneta et al. , 2015 . Antero-posterior cephalometric skeletal analyses have indicated that the maxilla is more retrusive in Class III subjects and coupled with an increased level of lower lip protrusion, established in the deciduous dentition (Battagel 1993; Krneta et al. 2014) . The latter has been described and attributed to a lack of activity of the circumoral muscles and hypofunction of the mentalis muscle in Class III subjects (Seren 1990 ). This finding is supported by a large study by Baccetti et al. (2007) who analysed 1091 lateral cephalograms to show that the lower lip tended to protrude in relation to Ricketts E-line in Class III subjects. The shellto-shell analysis used in the present study has been able to validate the changes seen in the lower lip of the Class III subjects.
In the antero-posterior plane, the distance between subnasale and the heel of the ear was similar between the Class III and control subjects. It has been found previously that Class I and Class III subjects have similar antero-posterior projections in relation to the nose and upper lip. These findings are in agreement with the cephalometric evaluation of Battagel (1993) who reported that soft tissues of the nose and upper lip change less in both groups with similar nasal development. The present study was rather uniquely able to analyse changes in the transverse soft tissue dimension, using alar width, which was observed to increase at a similar rate to the control group. The importance of measuring the soft tissues in the transverse dimension has been highlighted by Krneta et al. (2015) in order to ascertain a comprehensive diagnosis.
Surface-based analysis has been shown to be just as accurately quantified as landmark-based facial analysis, thus applying both methods was complimentary in the present study (Alqattan et al. 2015) . The surface-based analysis was able to display accurate individual facial deviations between Class III and control subjects. The mean deviation distance was the greatest in the lower face in both the male and female groups, an indicator of mandibular prognathism, a commonly reported finding in the Class III malocclusion (Sanborn 1955) .
In comparing Class III males and females, males consistently demonstrated greater linear measurements, a trend reported in the cephalometric analysis of gender differences by Baccetti et al. (2005) . The authors reported that after the age of 17 years, the female Class III subjects exhibited significantly smaller maxilla-mandibular differences, shorter mid-faces and mandibular lengths, shorter upper anterior and lower anterior facial proportions (Baccetti et al. 2005 ). In the current study, no statistically significant differences were detected between the Class III male and females, although the difference in the facial angle and lower facial length was clinically significant between the ages of 17 and 18 years. The latter may reflect the small sample sizes and individual variation observed. In general, within this age group male Class III subjects have demonstrated a significantly longer lower anterior facial height (Björk 1972) . The increased facial angles seen in the male Class III group indicate a greater level of maxillary retrusion or mandibular protrusion when compared to the Class III females (Guyer et al. 1986 ). Battagel (1993) found the male Class III subjects to show an increased level of mandibular protrusion and maxillary retrusion than the female Class III subjects.
The study is not without its limitations. The principle one being the sample sizes within the 8-10-and 17-18-year-old groups are smaller than those observed in the other two age groups. It remains difficult to evaluate children in the younger age group due to the pattern of referrals. However, the sample was carefully age-and gender-matched in both these age groups to help observe any patterns of difference.
Conclusion
Three-dimensional optical surface scanning and image analysis provides a non-invasive, non-irradiating and reproducible technique for monitoring growth in Class III subjects. The observed soft tissue growth followed the underlying 2D skeletal changes, reported in the literature and provides additional information about growth changes in the transverse plane.
